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The subroutine package TREEPAK is designed to interface a PL/
I
program with a graphic display unit, allowing display, creation and
manipulation of tree structures, while providing the user with a
graphic representation of the tree. The package is implemented under
IBM System/360 using the IBM 2250-1 graphic display unit as the pri-
mary input/output device. Facilities include creation of trees from
the alphanumeric keyboard and cards, adding and deleting subtrees in
existing trees, and saving and retrieving trees. Trees may be passed
between TREEPAK and the user written main program. An implementation
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I. INTRODUCTION
A. STATEMENT OF THE PROBLEM
The objective of this thesis was to develop an interactive sub-
routine package which interfaces a PL/I program with a graphic dis-
play unit, allowing display, creation and alteration of tree structures
in graphic form. There is a large class of problems in which a hier-
archical relationship exists among the data, and a tree type data
structure is often an efficient and effective means of representing
this relationship. This package, called TREEPAK, is designed to pro-
vide the capability of on-line input and manipulation of data in tree
structures with the additional facility of allowing the user to view
a graphic representation of the tree. TREEPAK is quite general and
may be accessed from any PL/I program. Figure 1 illustrates the gen-
eral configuration of a system using TREEPAK.
Various terminology has been used to characterize trees and the
nodes of a tree. The terminology used throughout this thesis is de-



















Figure 1. General Configuration
B. TERMINOLOGY
A tree has been formally defined j_ 1_/ as a finite set T of one or
more elements, called nodes , such that (a) there is a distinguished node
R called the root
, and (b) the remaining nodes (excluding the root) are
partitioned into m>0 subsets T^,T2 . .. Tm where each of these subsets
is in turn a tree. Although no relationship between nodes is expressed
by this definition, it is assumed that the root of any particular tree
is logically related to the remaining nodes.
The trees T 1} T2 ... Tm are called the subtrees of R. This defini-
tion is represented graphically in Figure 2, which shows a tree with ten
nodes. The root A has three subtrees whose roots are B, C and D. B, C
and D have one, zero and two subtrees respectively.
Figure 2. Graphic Representation of a Tree,
The roots of the subtrees of a node are called the successors of
that node. A node is the father or predecessor of its successors. The
number of subtrees of a node is its degree . Thus the degree of A is
three, the degree of B is one, and C has degree zero. A node which has
no successors is called a terminal node .
The level of a node with respect to the root is defined by the fol-
lowing: the root is at level one, and the level of every other node is
one plus the level of its father. Thus B, C and D are at level two; E,
F and G are at level three. Although these definitions apply to graphic
trees as shown in Figure 2, they may be applied to tree structures used
in list-processing as well.
A familiarity with list-processing fundamentals is assumed, however,
a presentation of these concepts is found in references 1 and 2. It
should be noted that the essential difference between a tree and the more
general list is that a tree does not contain cycles, i.e., there is a
unique path from the root to any node in the tree. However, the "sub-
lists" of lists need not be disjoint. A list may even be a "sublist" of
itself. This difference is important in application, but in a graphic
display any list may be represented as a tree if some node is designated
as the root. Further discussion of this point is found in Section II, C.
As used in list-processing, the internal representation of a tree
node consists of some number of memory cells which contain the informa-
tion associated with the node and a means for locating its successors
or its predecessors, or both. The content, format, and representation
of the information is entirely dependent on the application. The nodes
may contain no information at all, e.g., the non-terminal nodes of a
LISP tree. In a hierarchical data retrieval system each node may contain
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large amounts of coded data in various formats. The information asso-
ciated with the node will hereafter be referred to as the name of the
node, since the information may be thought of as an interpretation of
the name
.
A means for locating the successors or predecessor of a node is
required for traversing the tree, i.e., visiting the nodes in some de-
sired order. The following recursive algorithm is commonly used for
traversing trees: (a) visit the root, then (b) visit each of the suc-
cessors of the root. In an application which uses this algorithm for
traversing trees there must be a means for locating the successors of
a node, Frequently this is provided by pointers contained within the
node. In this context a pointer is simply a number which represents
the address in memory of a successor, or "points to" the successor.
Other representations of trees are found in references 1 and 2. The
most suitable representation depends primarily on the order in which
the nodes are visited,
{
The algorithm given in the preceding paragraph for traversing a
tree reflects the recursive nature of trees. This recursive nature
comas from similarity of substructures , As stated in the definition
of a tree, each node is the root of a tree. This property allows
each node to have the same format in memory regardless of its degree.
In the next section two specific applications which use tree-
type data structures are described,
C . BACKGROUND
Tree-type information structures arise in many computer appli-
cations. Of particular interest in the development of this thesis
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were those applications which use tree structures in interactive environ-
ments. The Transformational Grammer Tester (TGT) at Systems Development
Corporation J_ 3_/ is one such application,, Transformational grammers are
built on the concept of the logical separation of two types of grammati-
cal structure, the deep and surface structures. Accordingly, there are
two systems of rules associated with the syntactic component of the gram-
mer. Phrase structure rules generate deep structure taking the form of
labeled trees, and transformational rules map trees to other trees de-
termining the ultimate surface structure of a sentence. As the grammer
becomes large and the linguist attempts to account for more phenomena in
the language he is describing, it becomes more difficult to provide for
all the interrelationships of the rules. TGT was designed to assist the
linguist in analyzing, refining, and extending the grammer initially
specified.
The most important tasks performed by TGT center around its ability
to execute transformations. Using TGT, the linguist can determine the
applicability of transformations, execute them, and display the results.
Facilities are available for creating, displaying, and manipulating
trees which represent the structure of a sentence much like the facil-
ities available in TREEPAK. However, the graphic display unit is only
an auxiliary output device in the TGT system. Input is through a tele-
typewriter terminal, thus, all commands and operands must be typed, as
opposed to quicker and more natural means available when the graphic
display unit is the primary input/output device.
J. H. Bennett and others describe a series of computer programs
developed at Air Force Cambridge Laboratories J_ 4_/. These programs,
called SAM, are experimental tools for studying techniques in theorem
12
proving using man-machine interaction. Given a finite set of logical
formulas, SAM attempts to generate "interesting" consequences by using
four processes called reduction, expansion, digression, and contradic-
tion. Reduction uses a set of formulas from the original set to reduce
or simplify a given formula using logical rules of the Predicate Cal-
culus. Expansion and digression use these same rules to generate new
formulas from the initial set of formulas. Contradiction attempts to
eliminate "trivial" formulas by finding a contradiction of the negation
of a formula. SAM applies these four processes in a pattern which al-
lows the newly generated formulas to stay in the set only if they can-
not be reduced by reduction or eliminated by contradiction.
Using the graphic display unit as the primary input/output device,
the user initiates action by setting up an initial list of formulas.
SAM then starts to generate consequences of these formulas. As SAM
works on the lists of expansions and reductions, the user is able to
watch these lists on the display. Each new formula generated appears
on the display and each formula eliminated disappears as SAM updates
the current list of formulas, The user may intervene at any point in
the process. If S.\M is running out of useful things to do with the
formulas first given, the user may insert additional formulas. He may
guide the process by deleting formulas which seem to be unimportant or
distracting.
Some of the initial formulas may be marked by asterisks to indi-
cate that they are r.he negations of formulas whose proofs are being
sought. In this case, all the consequences of the original starred
formulas are starred. It is hoped that SAM can derive a contradic-
tion. If so, SAM ha; demonstrated by contradiction that the disjunc-
tion of the unnegate<l versions of the original starred formulas is a
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logical consequence of the other initial formulas (axioms and theorems).
The authors report that one result of their experimentation has been the
actual solution by man-machine interaction of an open problem in Lattice
Theory.
The significance of systems of this type seems to be that by using
man-machine interaction, results may be obtained which neither could ob-
tain alone. The two areas mentioned, language analysis and theorem
proving, are still in the early stages of their development and complete
algorithmic processes are not yet known. It appears to be particularly
advantageous for applications of these types to have the capability of
human intervention and guidance when necessary, thus taking advantage
of the speed and logical power of the computer, as well as the insight
and experience of the human. When the application also uses a hierar-
chical data structure, it seems that the ability to view and interact
with the structural relationships in graphic form would enrich the in-
teractive process.
In the next section a description of TREEPAK is given. The fol-
lowing section describes an example application program which allows
the user to interact with an implementation of the Wang Algorithm
using TREEPAK.
14
It. DESCRIPTION OF TREEPAK
A. GENERAL OVERVIEW
TREEPAK, which consists of approximately nine hundred PL/I state-
ments, is designed to provide any PL/ I program the capability of dis-
playing and manipulating tree structures. PL/I was chosen as the
implementation language for two reasons: (a) general list processing
features are available in PL/ I, and (b) recursive subroutine calls are
allowed. As previously stated, algorithms for traversing trees are
inherently recursive in nature and the availability of a language cap-
able of recursion is a significant asset in programming.
The IBM 2250-1 Graphic Display Unit is the terminal input/output
device for TREEPAK. This unit is equipped with an alphanumeric key-
board, light pen, and programmed function keyboard (PFK) . All three
of these facilities are utilized to perform various functions. Maxi-
mum use is made of the light pen and PFK since their use is more
natural than using the alphanumeric keyboard. The alphanumeric key-
board is used only when it is necessary to type a name or a list.
The interface between TREEPAK and System 360 graphics routines
is provided by IBM Contributed Program 360=00.6.009 (WJS999) /~5_7.
This subroutine package provides access to the graphic input /output
routines and Graphics Problem Oriented Routines included in references
6 and 7. The package also allows interrupts from the console to be
handled with PL/ I ON CONDITIONS.
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B. ENTRY AND EXIT CONDITIONS
TREEPAK is designed to run as a subroutine to a user-written me in
program. Two arguments are required in the call to TREEPAK: a PL/
I
pointer variable and a character string. If the value of the pointer
variable is not the NULL pointer it is assumed to point to the root of
a tree which exists in the main program at the time of the call. The
tree and the character string are both displayed on the screen as a re-
sult of the call. After TREEPAK is entered all of its capabilities are
available to the user, including creating and displaying new trees,
saving the tree currently on display, and altering the tree on display.
A detailed account of the capabilities is given in the next section.
When the user returns control to the main program a pointer to the root
of the original tree is returned.
The required format of the nodes of the tree is shown in Figure 3.
This format is a direct result of the following PL/I structure
declaration:
DCL BOUND FIXED BINARY,
1 NODE BASED (P)
,
2 NAME CHAR(IO),
2 DEGREE FIXED BINARY,
2 BRANCH(0: BOUND REFER (DEGREE));
Node Degree As many pointers as required
Figure 3 Node Format
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The first ten bytes contain the name of the node. These ten bytes must
be EBCDIC coded alphanumeric characters. The next four bytes contain a
fixed binary integer which is the degree of the node. The node degree
is followed by four-byte pointers to the successors of the node. These
pointers contain the absolute internal address of each successor. The
nodes are declared as PL/I based structures ]_ 8 and 9_/.
The NULL pointer may be used as an argument in the call to TREEPAK.
In this case no tree will be displayed until one is created by the user.
Hence, there is no requirement that a tree exist in the main program at
the time of the call. If TREEPAK is entered with the NULL pointer, a
pointer to the tree on display is returned to the main program. This
allows the user to create a new tree while in the subroutine, manipu-
late the tree, and pass it back to the main program for analysis.
C. CAPABILITIES
The capabilities for operations on trees include creating new trees,
adding a structure to an existing tree, and deleting all or part of a
tree. Operations are performed on the "current" tree, i.e., the tree
currently on display. The following sections contain a general de-
scription of each of these operations. Detailed instructions on how
to perform each operation are given in Appendix A. Before continuing
a discussion of the capabilities, a description of the display screen
is given.
The tree being displayed is centered on the screen, with equal
vertical distance between each level. All nodes on the same level
appear on a straight line equidistant across the screen. This spac-
ing takes maximum advantage of the display area of the screen since
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the tree appears as large as possible for that size tree. Each node is
numbered, with node names corresponding to each number listed along the
sides of the tree. The list notation described in the next section is
shown across the top of the screen. Messages to the user, if applicable,
appear on the bottom line of the screen,. See Appendix C for photos of
typical displays.
If the current tree has many levels, or many nodes at some level,
it may not be possible to display all of the tree at the. same time. To
do so would make the screen completely unreadable. Thus, a maximum of
ten levels and twenty nodes at each level is displayed. In this case
some nodes have successors which do not appear on the screen. These
nodes are marked with a "+" on the display. The substructures of these
nodes may be displayed separately (see Appendix A, PFK key 4).
1. Creation of Trees
Trees may be created either by reading them from cards in the
input stream or they may be typed at the console using the alphanumeric
keyboard. The tree in Figure 2 could be created by typing the follow-
ing string of symbols:
(A(B(E(H,I,J)),C,D(F,G))),
The rules for this notation are: (a) successors of a node are paren-
thesized immediately following that node, (b) nodes on the same level
are separated by commas, and (c) the entire list is enclosed in paren-
theses. This notation is completely general and may be used to unambig-
uously describe any tree in which all nodes are named. Only one node in
a tree appears at level one. TREEPAK only creates one tree at a time,
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thus care must be taken to ensure that the expression contains exactly
one node at level one. If the expression represents more than one tree,
only the first tree in the list will be created.
2c Altering the Tree Structure
The PFK and light pen are used for manipulating the tree on
display. Operations are performed on the "identified" node. To iden-
tify a node for subsequent alteration, the light pen is activated on
the node. Upon sensing that a node has been touched with the light pen,
TREEPAK places a visible pointer beside the node on the screen to sig-
nal to the user that the proper node has been identified (see Figure 4,
node number 3). If a node has not been identified in this manner, an
attempt to alter the structure will result in no action. After a node
is identified, two basic operations may be used to alter the structure
-- add and delete.
The add function performs the operation of adding a node or a
structure as a new successor to the identified node. When the user
issues this command he is then given the option of adding the new
structure in any position he wishes. Figure 4 shows node number 3 as
the identified node after issuing the add command. The position of
the new successor is chosen by placing the light pen on the asterisk
which is in the desired location. The new successor may be created
from the alphanumeric keyboard, or it may be a tree previously saved
in the save area described in paragraph 3.
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Figure 4. Adding a Successor to the Identified Node
The identified node and its substructure may be deleted from
the tree. The detached portion of the tree may be named and saved for
further use, if desired, or it may be deleted from the system. The
next paragraph contains a discussion of saving trees in the save area
and retrieving them.
3, Naming and Saving Trees
The tree on display, or any part of it s may be saved for later
reference. If a subtree of the current tree is saved, it is not neces-
sary to detach that subtree, although it is possible to do so as dis-
cussed in the previous paragraph.
When placing a tree in the save area, the user may assign it
a name. If a name is given which already exists in the save area,
TREEPAK informs the user and replaces the old tree. Each tree saved
is also assigned a number. The user is informed of this number and
later references may be by name, if one was assigned, or by the as-
signed number. Saved trees may be recalled at any time, either to
become the new current tree, or for addition to a specified node.
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A list of the names and numbers of trees in the save area can
be displayed. If desired, trees may be dropped from the save area. See
paragraph II. D. 5 for further information about the save area.
D. IMPLEMENTATION
Some of the techniques used in implementing TREEPAK are discussed
in this section. The details of the coding are omitted here (the pro-
gram listing is found in Appendix B)
.
1. Coordinates for the Display
To display a tree, the position of each node on the screen must
be computed. The screen can be thought of as a Cartesian coordinate
grid with the lower left corner of the screen assigned coordinate (0,0)
and the upper right assigned coordinate (4095,4095). To compute the
coordinates for each node in the display, the tree to be displayed must
be traversed twice. On the first traversal, the number of levels and
the number of nodes at each level to be displayed are counted. These
numbers determine the distance between nodes on the screen. On the
second traversal, the coordinates for each node are computed, using
the information obtained on the first traversal and the node's posi-
tion in the tree. The following formulas are used for computing the
coordinates of each node on the screen. H and V are the horizontal
and vertical distance, respectively, between nodes. X and Y are the
horizontal and vertical coordinates.
H « 4096/ (No. of nodes at that level + 1)
V = 4096/ (No. of levels + 1)
X = H(No. of nodes already visited at that level + 1)
Y = 4095 - V (Level of the node)
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These computations are performed by TREEPAK each time a tree is
displayed or altered. The number of levels and the number of nodes at
each level are saved for use in locating the identified node as described
below. From these numbers the actual node position and the vertical and
horizontal distances between nodes can be computed at any time.
2. Cycles in the Tree
From the definition of a tree given in Section I.B, a tree does
not contain cycles, i.e, , there is a unique path from the root of the
tree to each node. In practice it is often useful for list-processing
trees to contain cycles. The structure may still be pictured as a tree
by repeating all overlapped nodes until none are left. Alternatively,
the first node in a cycle may be treated as a terminal node on the sec-
ond and subsequent visits. The former method produces an infinite tree
if the tree is recursive. Thus, the latter method is the only practical
way of implementing cycles in a graphic display.
To determine when a cycle is encountered, each node must be
marked as the tree is being traversed. Each time a node is visited,
a test is made to determine whether the node has been marked. If so,
then a cycle has been found, TREEPAK marks the nodes by changing the
sign of the node degree. When a node is found which has a negative
degree, this node is treated as a terminal node for the display, ex-
cept that a M7o" is placed beside the node on the screen and the user
is informed that the tree contains cycles. Changing the sign of the
degree introduces the additional requirement of resetting the degrees
to their original value after each traversal.
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3. Finding the Identified Node
When the light pen is activated on a node, the coordinates of
the location at which the light pen is detected are used to determine
which node is the identified node. The level of the node can be de-
termined using the distance from the top of the screen to the point
where the light pen is detected. Referring also to V from paragraph 1,
Level = (distance from top of screen to detect)/V.
The number of nodes on the left of the identified node at the same
level is found using the distance from the left of the screen to the
light pen detect, along with H from paragraph 1 as follows:
No. on left = ((distance from left of screen)/H) - 1.
These numbers uniquely describe a node in the tree. The tree is then
searched until the node in that position is found, and a pointer to
that node is saved.
4. Altering the Structure
Because of the internal representation used for the nodes, the
amount of storage required to contain a node depends on the degree of
the node. Altering the tree structure involves adding or deleting a
successor, which changes the degree of the affected node. Thus, when
the structure is changed, the node whose degree is changed must be re-
placed with a new node of the appropriate size. Figures 5 and 6 show
how TREEPAK handles additions and deletions. The number alongside
each node represents an arbitrary memory address for the node. The
organization of the nodes is as shown in Figure 3,
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Figure 5(a) shows a tree of five nodes. Figure 5(b) shows the
tree with node E deleted. Note that in Figure 5(a) the cell shown at
memory address 140 is in the free storage area. This cell is obtained
from free storage using the PL/ 1 ALLOCATE statement.. The proper infor-
mation from the old node B is placed into it. The pointer to B in node
A is changed to point to the new cell. The old node B at address 100 is
released to free storage using the PL/I FREE statement.
Figure 6(a) shows the same tree as Figure 5(a). Figure 6(b)
shows the tree after the addition of node F as a new successor to node
D. In this example
s
the cell at address 190 is obtained to hold the
new node. The cell at address 150 is released to free storage after
the replacement has been made and the appropriate pointer in node A
changed.
5. The Save Area
When trees are saved, only two items of data are recorded in
the save area -- a pointer to the root of the tree and the name of the
tree. The save area consists of the following PL/ I structure
declaration:
DCL TOP FIXED BIN S
1 SAVE BASED (P),
2 NUM FIXED BIN S
2 ROOTS (0 : TOP REFER (NUM)),
3 PNTR POINTER,
3 NAME CHAR (10)
;
NUM is the number of trees which are currently saved, determining the
upper bound for the dimension of ROOTS, If no name is assigned to a
tree its NAME is blank. The number assigned to the tree by TREEPAK

















(b) After deleting node E













(b) After adding node F
Figure 6. The Add Operation
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There is no practical limit on the number of trees which can be
saved. Since SAVE is declared as a BASED structure using the REFER
option, it will be allocated as large as necessary to save the desired
trees.
Refer to the program listing in Appendix B for explicit details
on the implementation of the various functions of TREEPAK. Appendix A
contains instructions on the interface requirements of the main program
and user operation of the graphic display console. A sample application
is described in the next section.
The REFER option is used in the IBM implementation of PL/I to
specify that the value of a variable outside a based structure is to
be used to determine the length or bound of a variable within the
structure upon allocation. In this example the value of TOP at the




A. DESCRIPTION OF THE WANG ALGORITHM
This section gives an example of a program which uses tree struc-
tures for representing strings of symbols in theorem proving. The
algorithm is described in this section; a description of the implemen-
tation is given in the next section,. The program listing is found in
Appendix D.
The Wang Algorithm ]_ 9_/ is a mechanical method of determining
whether or not a formula in the Propositional Calculus is a theorem.
The language of the Propositional Calculus is defined by the Backus
Naur Form statements in Table 1„
A sequent may be thought of as a statement which is true if and
only if some formula in the string on the left side of the arrow (the
antecedent) is false or some formula in the string on the right side
of the arrow (the consequent) is true. That is, the conjunction of
the formulas on the left implies the disjunction of the formulas on
the right. The five connectives, NOT, AND, OR, EQUIV, IMPLIES, are
given their usual logical interpretation.
< SEQUENT) ::= <STRING> —*- <(STRING>
<STRING> : := <EMPTY> ! <STRING SET>





<EMPTY> ::= {The null string of symbolsj
<FORMULA> :?- <PROPOS IT IONAL LETTER> | NOT( <FORMULA> )|
( <FORMULA> ^BINARY CONNECTIVE > <FORMULA> )
<BINARY CONNECTIVE) : :- AND | OR | IMPLIES | EQUIV
<PROPOS ITIONAL LETTER> : : = (An alphabetic letter 3
Table 1. Definition of the Language
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In general, the algorithm proceeds as follows. The formula to be
tested is first preceded with the arrow to form a sequent in which the
antecedent is the null string and the consequent is the formula to be
tested. The consequent is then reordered into a form of Polish nota-
tion. The connectives are eliminated from the sequent, beginning with
the leftmost connective, according to ten rules of elimination. This
process produces a finite set of sequents which contain strings of pro-
positional letters on both sides of the arrow. The truth of each se-
quent produced is then tested according to the following initial rule:
1. If a,b are strings of propositional letters, then
a—b is a theorem if and only if some propositional
letter occurs on both sides of the arrow.
Ten rules of derivation are listed below. In the rules, a and b
are always strings (possibly empty) of propositional letters; c, d, e,
and f are strings. It will be noted that there are two rules for each
logical connective, one introducing it on each side of the arrow. Using
these rules, the usual proof procedure would begin with a finite number
2A. — NOT: If c,a-^-b,d then a-»-b,NOT (c) ,d.
2B. NOT - : If a,c-^d,e then a , NOT (e ) , c->~d
.
3A. —^- AND: If a—bjCjd and a—^-b,e,d then
a—b, (c AND e),d.
3B. AND — : If a,c,d,e—f then a, (c AND d),e-fe-f.
4A. — OR: If a—^b,c,d,e then a—•b,(c OR d),e.
4B. OR —! : If a,c,d—e and a,f,d—e then
a, (c OR f) ,d-t>-e.
5A. ->-IMPLIES: If a,c—^b,d,e then a—b^c IMPLIES d),e.
5B. IMPLIES-^-; If a,c,d—**e and a,d—*«e,f then
a,(f IMPLIES d),d—
€.
6A. — EQUIV: If c,a-*-b,d,e and d,a—bjC^ then
a-»«-b, (c EQUIV d),e,
6B. EQUIV—: If c,d,a,e-*^f and a,e—*-f,c,d then
a,(c EQUIV d),e-*-f.
Table 2. Rules of Derivation
29
of cases of Rule 1, and using the ten derivation rules, introduce the
proper connectives to arrive at the sequent which represents the original
theorem. In contrast to the usual proof procedure, the Wang Algorithm
begins with the original theorem and applies the rules backwards to ob-
tain connective -free sequents, The rules are designed so that given a
sequent, the leftmost connective may be eliminated, thereby resulting
in one or two premises which, taken together, are equivalent to the con-
clusion. This process is repeated until a finite set of sequents is
reached which contain only propositional letters, The original sequent
is a theorem if all of the sequents thus obtained are theorems when
tested by the initial rule.
The following example illustrates the proof procedure. The first
line is the formula to be tested, with the sequent arrow prefixed to it.
Successive lines are the sequents generated by each elimination of a
connective. Each line is preceded by the number of the rule which pro-
duced the sequent.
>((NOT(P) AND NOT(Q)) IMPLIES (P EQUIV Q)
)
5A (NOT(P) AND NOT(Q))—MP EQUIV Q)
3B NOT (P), NOT (Q)—-**(P EQUIV Q)
2B NOT(Q)--*KP EQUIV Q) 9 P





The techniques used for implementing this algorithm are presented
in the next section.
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B. IMPLEMENTATION OF THE WANG ALGORITHM
The implementation of the Wang Algorithm requires a structure for
representing the sequents and a set of routines for manipulating the
structure according to the rules stated in the previous section- The
sequent can be conveniently represented as a tree. The root of the
tree represents the sequent arrow. The root then has two successors,
the antecedent and the consequent. Each formula is represented as a
subtree of the antecedent if it is on the left side of the arrow, or
the consequent if it is on the right side. A binary connective is
represented as a node with two branches: one for each of the formu-
las it connects. The unary connective, NOT, is a node with one suc-
cessor, i.e., the formula it negates. The tree representation of the







Figure 7. Representation of a Sequent
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Certain changes in notation are made to facilitate the input of se-
quents in this tree form. The notation described in Section II. C for
the description of trees in linear form is used. Thus the expression
(P IMPLIES Q) becomes (IMPLIES (P,Q) ) . Using this notation, the state-
ment of the theorem in the example is as follows:
(SEQUENT (LEFT, RIGHT (IMPLIES (AND (NOT (P) ,NOT (Q) ) ,EQUIV (P , Q) ) ) ) )
.
The theorem is input in this notation. The algorithm proceeds to
eliminate the connectives one at a time. The routines eliminating the
connectives are simply a set of tree manipulation routines which per-
form transformations on the current sequent until all connectives are
removed. Five of the rules generate additional premises which must be
tested for validity. These new sequents are stacked as they are gen-
erated. When the connectives are eliminated from the current sequent,
it is tested and, if valid, the next sequent is obtained from the
stack to become the current sequent. This process is repeated until
all premises have been tested and the stack is empty. The program is
then ready for a new theorem,
A general flow chart for the program is shown in Figure 8. The























Figure 8, Wang Algorithm Flow Chart
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IV. CONCLUSION
TREEPAK, described in Sections I and II, is designed to provide a
user-oriented means for interacting with tree-type data structures. In
Section III, an example was given of a program which uses tree struc-
tures to represent strings of logic symbols in an on-line theorem tester,
This type of data structure occurs in many computer applications. TREE-
PAK can be a valuable aid to the user for many of these applications
which fulfill the interface requirements described in Appendix A.
In Section II. D, 2, it was shown that any list may be displayed as
a tree. This technique provides a useful picture of the structure if
the number of cycles is small compared to the total number of nodes.
If the structure contains many cycles it may still be displayed as a
tree, but the user may find that it is hard to interpret the picture
due to the many repeated nodes. Thus, the primary usefulness of TREE-
PAK is in displaying and manipulating structures which are trees (con-




The information contained in this appendix is not necessary for a
general understanding of the system, nor is it intended to be a self-
contained user's guide. It is provided for the potential user and con-
tains details on how to access and operate TREEPAK not contained in the
previous pages.
A. MAIN PROGRAM REQUIREMENTS
Main program requirements include a declaration of the arguments
used in the call, a declaration of TREEPAK itself, and the call to
TREEPAK. The following is an example of the minimum main program
which can successfully call TREEPAK:
MAIN: PROCEDURE OPTIONS (MAIN);









This program contains all the necessary statements. Note that in
this example a tree does not exist in the main program at the time of
the call to TREEPAK. In this case, the first argument must have the
value of the NULL pointer. No message is passed to TREEPAK for dis-
play in this example, however, a character string of up to seventy-
four characters may be passed as the second argument. When control
returns to the main program a pointer to the root of the tree which
was on display at the time of the return is placed in P.
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If a tree is passed to TREEPAK, or if reference is made to the re-
turned tree by the main program the structure of the nodes mast be de-
clared in the following format:
DCL TOP FIXED BIN,
1 NODE BASED (P),
2 NAME CHAR(IO),
2 DEGREE FIXED BIN,
2 BRANCH (0 : TOP REFER (DEGREE));
When a tree is passed to TREEPAK for display a pointer to the same tree,
which may have been altered by the user at the console, is returned to
the main program.
It is permissable for the main program to access the graphic display
unit directly without going through TREEPAK. The only restriction is
that the data control block and attention handler used for the direct
access must be closed prior to calling TREEPAK, TREEPAK closes its
graphics data control block and attention handler before returning to
the main program.
B. JOB CONTROL STATEMENTS
Job control statements required are those normally required for
running a PL/ I job and statements required for loading a copy of
TREEPAK and WJS999. The following is an example of those statements
required at Naval Postgraduate School:





//LKED.LIBA DD DSN=S0373. PLIGPAK, UNIT=2314,V0L=SER=LINDA 9
DISP=SHR
//LKED.SYSIN DD *
LIBRARY LIBA (TREEPAK, WJS 999)
36
/*
//GO. DISPLAY DD UNIT= (2250-1)
//GO. SYS IN DD *
Trees in list notation if desired (two cards per tree)
/*
The job card is a standard job card except that TYPRUN=HOLD is
required for all jobs which use the graphic display unit at NPS. The
data definition statement named LIBA describes a partitioned data set
which contains two members, TREEPAK and WJS999, both in load module
form. The data definition statement for the graphic display unit
must be named DISPLAY.
C. USING THE PROGRAMMED FUNCTION KEYBOARD
Only those keys which are active at any particular time are lighted,
For example, if no node has been identified, the keys which require an
identified node are not lighted, if no trees have been saved, the key
which retrieves a saved tree is not lighted. The following is a de-
scription of the function of each key.
PFK Key Function
Read and display a tree from SYSIN . Two cards are
read from the GO. SYSIN data set. The list descrip-
tion of a tree must appear on those cards. The list
may begin any place on the cards, but there must not
be any intervening blanks between the beginning and
end of the list. Syntax errors cause an error message
to the user and the card images are then displayed on
the screen. At this. time the user may correct the er-
ror found and create the tree by pressing PFK key 1.
If no more cards are available to be read, a message
to the user is generated.
1 Read and display a tree typed at console keyboard
.
This function causes the typing area of the screen
to be read. The subsequent actions are the same as
those for PFK after reading the cards. The im-
portant point to note is that the list must be typed
in before pressing the key,
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PFK Key Function
2 Save displayed tree in save area . The current tree is
saved. If the tree is to be assigned a name, the n^me
must be typed in before pressing the key. The name may
be up to ten alphanumeric or special characters. If an
identical name already appears in the save area, the old
tree is replaced. The user is then informed of the
number assigned to the tree by TREEPAK.
4 Display identified node structure
. Execution of this
function does not change the structure of the tree, it
merely changes the display screen so that the identified
node appears as the root. Only that portion of the cur-
rent tree which is the substructure of the identified
node appears
.
5 Add structure to identified node . This key causes an
asterisk to appear at all the possible positions in
which a successor could be added to the identified node.
A message instructs the user to type in the new successor,
then touch the desired position with the light pen. Ei-
ther a save number, a saved name or the list notation for
a tree may be typed in. After the light pen is activated
over one of the asterisks, the tree will be placed on the
screen with the added structure in the position indicated.
If, after pressing the key, the user does not wish to add
a successor, the display may be reinitialized by using
PFK key 18.
6 Delete identified node . The identified node and all that
it dominates is deleted from the current tree, Pressing
this key when the identified node is the root of the cur-
rent tree will result in an error message. (See PFK 10
for deleting an entire tree from the save area).
7 Detach identified node and save. This operation is the
same as for PFK key 6, except that the deleted subtree
is saved in the save area. If the subtree is to be as-
signed a name, it must be typed in before pressing the
key.
8 Save identified node . The subtree dominated by the iden-
tified node is saved, however, the structure of the cur-
rent tree is not changed. The name assigned, if applicable,
must be typed in before pressing the key.
10 Delete a tree from save area . The name or number of a
tree in the save area must be typed in before pressing
the key. That tree is then dropped from the save area,
and will no longer be accessible by that name or number.
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PFK Key Function
11 Display a tree from save area . The name or number of a
tree which has been saved must be typed in before press-
ing the key. This tree then becomes the current tree
and is displayed on the screen. If the tree which was
current at the time the key was pressed has not been
saved, it will no longer be accessible,
16 Display names and numbers of trees in save area , A list-
ing of the trees which have been saved is presented, in-
cluding their names and numbers. When this display is
on the screen, PFK 18 must be pressed before any further
action is taken. All other functions are disabled during
this time.
17 Display instructions . The underlined portions of the
instructions printed here are displayed. PFK 18 must be
pressed before continuing.
18 Terminate instruction display and/or reinitialize display .
The display returns to the current tree if either PFK key
16 or 17 has been pressed. This key may also be used to
reinitialize the display if PFK 5 is inadvertently pressed
and the user does not wish to add any successor to the
identified node.
31 Return to the main program . The display is terminated,
the console interrupts disabled, and the data control
block is closed before returning to the main program.
A pointer is returned to the root of the tree which was
passed as an argument when TREEPAK was called, or if the
argument was the NULL pointer, a pointer to the root of
the tree on display is returned. If the user wishes to
return a character string to the main program, he may
type it on the keyboard before returning. The character
string will be placed in the character string which was


















































































_» o. *x o
U_*>> -»o>-x CO






- rg rg <\jrg <\j cmrg rg rgeg rg
— ooo
CC CC IMMM ••>« zzz —XX >mmm •• f\J
uu — «— *«-
in ooock
•KM -i" ITi fO «- L_ CO
cocom— <-tr-t^-t>- a.
_jOOXOOOOD
a. cv coco lu lulu -j acO
x> ccq cc cc cc u.a <










•t •» «l ^ I-**—« _4 1—
1


















































































































































•» •>• —» ^»
— •> —CO * o
m <—• • » * z
co« UJ^- • V. < <
•» •>•» Q. •» *•» h- M •» * o
o o
• . h-—-*. hZ •—4m < o "^ z
COZ •-« »— <2* •-* *-" za o * •—
•
. . z.-. - z •—!•• Q o zWWM2 1"'«-»»—
1
•V o z -1 z








X CO - UJ
i ii i,—t«— —n—it—fC£ a:'-' »- o "N» z CO
w,H *.< < < # c
QC«- OCX X o a o UJ
—.«-»<ct—»<o--o— H- UJ X
»-•.-«•X^«-«'-»X fM •-« z o z oo K
•wOl—O *- <— —
t
t- 1—1 • •» t-
•• acoc oacac h-acoac K-» X UJ
IN) << << Q.<*-»< 00 00 DO o •• CO
X • *IIUJ XXUJOXXX QC QC oo •—1-~. t-4
•-•SQlOOONQUOO. K_)0-0 UJ UJ QC-* -JfSJ QC
•>_!<< »-0 >0 < -•• h- w fO o
ISI>»-I~ cox »- 1 QC z— z^» a»>i 5^-* oohxD>u.nuo<«D.wzOaj »-«(M 1 l*~ oo< U.K UJ
_J o--« o«\i ouj CL<-« o
a CL— a.'-' aoc co
><M rvj <\j r\jrg r\j r\j <\jeg cj c\j rjeg eg M PSj < QC X
00 00 CO 000. <¥* Ooo o
o zu zco OQC U.H- <—
•
•-<< i-O LLO —
<
X
r-4 <o <o X o_i X
H- »— < z
_J Z_J Z-J LU_I -•-J 00
o ou oo QCO QCO QC




CO a mi X
o CO QC h- D

































































































































































































































































































COCO— * CO GO* • CO *



















































oo- — o o« — o>—•- •—•o**—
•
• m wv* — — *••«»• 2^*^~— «»0
t—
— ——
——I— I— I———• »— •—Zt-«-0 v.MMZZMMMZZH-Z-waO *ZZhmZZZ-hz*« z<-
—«>—I —<•—l»-l MS -»i-mX*^ OO
— -*-* —'— >t ut- z
—.— ,c*o—.——s0-<0— oc -or-— •-• O
^,^«^w^h—^4— «-».-« x«~acmr\ji— k
>-»-»-*i-t»-<h->->i-»K MlKf/- Z
>m m<^ cd—X »* CO CO «-h •- COO *m* »~* fM O
coco couco corg co^-ro u,
























































O H- CD- CO LL z
UJ z o o •-•*-<
X 1—1 O. Q K-O
>—
<
o UJwUJ m oo.









tori fslCO I— Q.
z UJ «. — V. h- - ZOO
a: UJ —.—o * O UJ •>3 >* cc «-4*Hh- •• i»Oh
H- * o *«)— » UJ h-—z«o
LU UJ ""KO ••» a. MH-h^ •>-
a: oo o *s. *»mO »»z > cc •—COh-—
K •» • # O0COZ— »-« »- OZ CC
—
•
O -«• UJ uj —oeo I—
1
—oz *
o o — Q UJ IK -« z UJ—
Z
z cc X o cc »-— *—
o
o —X i-i • •
1 3 z 3 »- co—.cc uj t-< K- ~-)—4 »C0 V. • •> z
UJ UJ z V, — a • |r-«<X »— 1*4—U_— * —
.
CC
> UJ • * cc UJ IhmlM z COL- hQ 3
< QC UJ UJ o I-m^OU. UJ > •—— rouj O0 1-
00 t- > UJ u. o o<z L- 00 CO——X iC • UJ
»• < cc •>UJ oc ^^jKhmO*^ K — OZh z II cc
h- o 00 3 occ a. jK COZ < H- -»—ILL <
o t- w 1- UJ «•» Ik » •»— t— co -J f>4 z
a O • *x UJ »OQ «0 UJ mm CD*-< — CO •> UJ






I cc UJ •• QC CCOU.3 o IUmX(\Jm o •—UJO o o »-
o UJ LL <-» h- -.-< i o -J>— >- —
<
X— z o
H- H- •h uj «o 00 0-— Zco z xccu-ucc z * *— »— 1-^ Pi «
00 z mm\ZCCCC-* —cc «—1 •• < << << < —— 0.U.I-* o o o
•» •-* K-i— UJ— UJ «teoo X x>—x> X 1-—o z < cc cc
CC o o-coa-i— cc UJ QI >- •> o*- 1- l-« «_^_— 1-< UJ < <
UJ a. — oz< oc ujoujx O-OU- ZK • -J o o
CD
13»->-<X t- 00 UJO UJ ZO<MUJ>t UJ tHmujZO mm> —
X UJ QOJ..OO •»<ujccZ oc 3(\j—Qh- cc C0G-JZ oo oc X
15 > ujxoa. UJ CCcOXO< o Of*>—« — o — O *H- UJ H- 1—Z < OOi_i_ UJ X uj <ujcc X CO—COOCC X z—XOcC > oo o
•» 00 <U.</)CCX H- K-UJZOCO »CC<LU< o—0.Z • o CO* •zO CO •-(-< za >• _J<h-XX >- •»co-icco. X 3—<UJ
z o ;EOQ.Z u» "-•Cj(\i<\i<\| CO Ol>-MO CO h- • — »_| UJ 00 "f -J
1 h- UJ30 o oz t-)U »»LL NHo •»-> cc IA
a >zccrom & a » CO CC o CO • \-GC » O-J
z O < OO ft UJ >Q<0>- UJ o—oo h- a. X UJOO
>—
<
UJ oorgrvj UJ oc oo UJCCH-ZOO oo CCK'-'OO-i o _i H o




m 3 r-l o 0. —o—oo «vz— X ••HlOlL
z oo z 00 f^ X O II jKO"—«»
-J UJ -J JJ UJ -l-J-J
-I UJ -1 -J-J-J O-J o
u _J u Ob oo _J ooo o _l o ooo UJ CCOO z
a CO o OC QQ CO QOO O CO o ooo z O.UO UJ
< < < < I-* ••
*-*
-J »"^ f* K ^
CC u cc cc 3 z
< UJ < < o _l
> Q > > cc co
o
z* * # * «









• •> o 1-
Q- o
o •• mm
r- z z m




• • H> Ml
QC QC o
UJ UJ m UJ
CO CO • aX X "V o co3 3 * • z
z z w .•3
UJ UJ UJ o —
.
> > UJ UJ • V
< < ac a. -»
^. »• co CO h- co V ^ ••
# o
«z z z <
z3 ll»-* UJ
< OH r"« t—
•
•• V —>-j aC
UJ II UJ u. • «• o mm -*o
oc OCX o a o z o »m o a
< • *> •• >-< UJ UJ t-« —
1
-i • H-
UJ z uj az > a CC CO Z •» ou
> <—
1
x • • < < UJ UJ r-l uz a
< CD <.._.. CO _j co a X •» •**m. o
CO ZHJI 0. X UJ h- o O0CO 33 * UJ 3 X z Z|_ z
z UJ y-T.-z.-z. — •»QC z M —
»
w "-•CO • *> UJ
•—
1
••X C03 • • •~ Or UJ a. Q a: erred —
»
X
z— • • »zujuj«»o II* > QC 1- »-3 KJ h-
UJ i-iU, r-l ••UJ •>>UJZ QC— < M < co coco w
UJ CO UJ>UJ<<> || •• | i. CO •Mj u CO co** •• o«»
oc z •X ><> l/> CO< UJ -» CLU ••o w 3 30- Z r^r-*
h- Q » 03« < oo <<•»<-» coz a. •z UJ z«- X CO 00 UJ QC II ••
UJOC OZC0 c0Ac0C0c0A*^O — II •• X —•— • • K mr ~CL- 3 A_l ««
• •> < XUJ • 1 II »— t— 1 Jl- ZUJ »- \- COt-»^ o u 00 II »- -JO «—
* •"«»- ZUJ^-4 UJI-XOOH-O."- —z«»o zz z^ •UJ UJZUUJ OU w
z UJ u.z<>»UJ>» ••-aC30oac • C0»-l—•o o 0«—i_J ujoa -J3ZQC ••O II
-J > -iOi< n h-<zzocaczocz I--JZQC z UJ CO —IqCoo • ••—
i
ID -J z
CO < —OZ»-00»-0.0 II • • • ujoc OCL~• 1 1-4 XMQ II <Z^IU. ZU.O ••QC
••Q 00 aa 1 II'-' It OUJUJUJUJUJU.3 o • o u, - *Z«»VU3H JE"- iJJ<—o ••03
zz >- ujoaco»--j>>>>uju.t- OCOCZI- U_«UJ» -Ill -1 1DZh
QCLU o oO> ii ONo:j««a:3iij •UJOCoO a «— OUIiOO Z II UJ3 - o <z»->-z<foooooou-cooC'>«CUU-31 H- O -J« UZhUQ i-U— (X
»-o oc_ico 0>ILhO 0_l_l II
ujz UJ o-o II u. zouiz UJ iU<UU.





H- O H- a K3 o 3 z UJ






* K # <


















z >* < LL • •
(X •> cc u_ O -»3 V- O 3 acK 1—
•
00 CO ••> • • ac m»
uu CO ac •k am «•» LU
ac o to 3 QC o o X z
H4 -» U LU a a H CC
z V «.» 00 LU < < < •• 3«*
UJ * -—
-
- H LL (X LL LL »- H—
I <z —I a: 3 3 3 LU LUO
»- 00 aio -J LU CO O CO LU »• •• ac ac -
1- a
—
» OO •> •> m X (XO •m -•»
UJ X UJ « z K «• m »- LULU OLU z— ••






z 3 z f- o Z—
)
ac X—OO
z -1 — fr* o O to* OO ^- -.LL OO l-X—
• LU- • z a * • O OLU** O
mm * LL— #* *• < * •> •> (X CLZ OLU—ZZ
MM LL omzoD co CO CO LU HM Z »UJ»-<£X
•w a. — »iSO > o o o h- LUCO LULUQ.:—tx3
•*O0 —LL-—
Q
< a a Q z > IQOICDK
3EI*- UJ l-LL.>» •> -1 •> •k » MM i ii 1 l-OLUO *LUDO X — a.•mm a. • * o 00 •> ZQZUJOuZO H- CO—.-t_l 00 LU -J -J CL ocrcx OA *><0
•ex >»-»-«ex 1—
<
K (X (X 3lu V 1 UJOCOZ
LU • Z oo< »K o NH t- 1- < o»- UJOiOCOZLU
>LU o —UJU.Z QC z z UJZ UJ 1 O *AX
<> -O.U.O H- SB o o OO at —1 •• ac ii Zlu I •-
O0< 00 ZUJOO 3 O o o Z"v OO OUJAOCX
00 z at*;«^« O • • • aC* —CLO •• LULU i O 1
OH ••> a — «-. W w w 3 a « OtXcXZ-'-JHO •»»o 3 111-<CT> •• LU s t»^- »»QN •• •-a: •—»z 00 •O | A<X3
Z —z »- »-»-LUO>X H» OiiO^O^ LU CX3LU »mmm LULU 1 LUZ
r-l *» 1 i ii iiio»a •• »—
«
0*00*00*0 •• ac>- — *X_JZ OOOCXX II
II u. — UJ X COGQUJOOUJ f— CC OOLUOOLUOOLU 3; ao LUCXH-JCX o •— ii i— r
1—4 >—« •• > a QN.O.-JX^'-* X ->X->X"7X»»0 LU a: •> :33 ZLU O<00Q z< •—• QCK"-xuzz 1UZU2UZI ZO 300OZH- AO-t LL
a z tXoo X •Ml—
'
— QC>-< o QCOO —11- O—H II LU • O II LL II LLO UJ ••3 -x aoo—
;
Z-J-13 »~ _I_I_I_J_I-J3 h- UJ CCoOtX »qCZ <—i ***oo *•*QHQ OK I3_J_J»-Q ••JJJJJJhO 30 O-J O A
ZLUZ UJ CC—l <<LUZ LU o<<<<<<ujz OLU OOLL ;ZLL 1 C
LUCXUJ z 0-_J OOtX UJ z OOOOOOOtXLU <XH CtO«-t LU—IQ
•• l-l H* ac z CL
0. t- K a oO<— ••
TL 3 3 —a ac





































<a: ••3 • « o»» mm
oOK LUt* OK a
LUO >z LU »D3 l-*>-l ••ZCt <-.
OdC oo qd -»UJ •• «»Zh CC -IOUJ «—
1
oo DO >H-h-UJ w
u. ULU UJ CC X
Ouj LUX -JOOC3 u
X ac-* —'OslOUJ «»Z ••
a:»- l£ 00 || OLU<—
LU z ••IJJAZ •UJOCZ
CQZ » l< > -tX!—UJUJOCCO—
X — COZ «^IOO •z3 m -»K-fKOUJUJCt:ZO Qh >w> ZOQ3
UJ-. UJ UJOA « o»-
UJ> X • JZ-IV 1 lUZUJ
XCO •-•a: -»aC«-ULIQ£OAaC
»- U-UJ 00300UJ | O 1
a »- uj»-uja: ii zccz
oOH- —z IujZOUJA —UJ
H a~ —• Ct'-'UJUJ | —xZQ a k »-Oqco:ok
•*•• 3lu oca II z— «o 1 z
-*oc a»- •_• •—-LUOUJUJ lo • •»
OOUJ uz UJ-h>IhOQOO II i-i—•
—X •—
•
aear + ujh- no «»-z r 1 o
•• h- UJO 3 *>_J AZUJ —
z
>«-
_IZ< ZQ. Qct;uj<-a>AOf-«u. UJZ
-JCCU. 1—
<
ujw-joo ii uj i a ii II u. -la:
-33 H-UJ o 1 UJCC-iCCZ** Z*-1 ** II 3»»
DZt-O 3Q Oj>I A 0»-0
Zll UJZ OO CCu>UJ<-«U.U.U. i a ZUJUJZ
LUUTO.LU acz Q.Q _JH» •">•-««-»cta UJ—laCUJ
00 UJ o tt
wl z H-IH 1 UJ















































































































































































Ml t/> X Mi


















oQ •• CO h- l-l K
LU «•» *> LU z to LUO • 4k «—
•
1- DC •» z QC > ta^ QC
< — «• QC LU —«. •-* o CO z • ft
-J •—I X o U. INI 1- 1- l>4 ZH
a. w o U. •> o LU h- CO LULU
LU X z LU o LU o QC o XQC
CL ••> o < X CO z a: •fll o o H- ••
z z ac h- «*. —
•
o z »»lll OtUX *-t < CO - -J (/) LU LU o LUX Zl-LU
u CD a: • Z z • 1—
i
x x LU >-• It QC
—
•
CO «»ii i o o QC X >-i H - i-*U. -»oo
X a • LUQ oc o LU - u. z t/> >OLU3 LU LU LUO u. o UL •• ••«»» 1—
1
QC-» LU O
X O orz •h u_ ac OZUJw o Dh ••JZ •
LU !••>—1 •» •• o OA >- CO o LU —<LU«— a. o * --)— LUUJQ OCU..H LU z LU | ••> o o CO u. XeooCX LUZ fcoxoO LU 1 z A oo QC Q. o mm o M4 oo LU QC » •LUKO
z 1—"LU < 1 • II H z » — Ii. i-i LUZ o -J >z z
Z'-'LU z a UJ— a —
1
• *» X o< o QC«^ LU»-«OA
LU i—i
-c£ • ii Q~ ii o -4 u z • *QC z LU •> JHV IX ozo LU — O 1 h- K < — z 1—
1
QCUJCO KQC *- LUQC
h- Q.—LU a —
*
z«- 0. t/) LU LU < COLUC LU Zlu </>LCLU 1O o w A— t/> — oc z QC 1h-OLU X •-•1- LU— QC IIO — •» ••»z .-x 1 X ••> -1 o •— CO •*»ZZO h- oz Z OLU
H- zaclulua>-*o ao ZLU ••> • -J •• awAO a. i-i -ZLULU
•UJQQ 1 • z z LUQ-» < tux • I- < •O 1 z LU o h- LUOOC
cc Ot-OOOZ< o< XOQC.« LU9>**aC CC OCCLQCA •••» K- — 0. II x «o
LU
-ZZZII ac »- a: HZKLU O aco^tu a </> «— 1 —a: < z •>•—«HLULU
t- LU«-<A IXIOCO CO CLh- < Ocmjll 1 •—
1
LU~OQC OLU u -~.rM> OO
z OCO 1 LUZH- • rH • KA"«»LU LU OCOLUU. o ocai- ii -CD o _|004LU«JO •M 3aoH< LU 4-LU 0. 1 _J ac LU->XO»»< a» o - a z _l * »> -J ii zlu
o O II <ZHO ZO </>arzuj uxuaozLU Oo£«~» zo QC 0CLU«->AO
a. WOOU • II o HO II QCO O O ii eta: - LU— II u. QCZ o **««._|couj i OO ZOLU.-Zt-.~Z*-OfLUO H- OC-J-JOO < o 1 II »»•o H o II LU_)aCZ
< 0_0_JO Q O LUh-Q 0-_J_»QCI-0 X o_j Ol-O 0_J>Z ACCOOJOO zo zllqcluz LU «<UJZ h- CtUO ZUJZ LU QCULU— U.U- I
</> aOUKZQ LUO LUi-iU.aCUJ Z MUUUttLU 0.00 tuaciu z a.Qjh-MM£t
z >-H H- z M
QC • • K ac LU •• H- ••O LU O o > QC o LU
t- h- O 1 —
«
LU o H-

















J-Z •• —.LU0< II -I tO»_
-o r i —
<
oto >•• ohj ouzo
II II LU _J_laC-J
_!</)»_••• || 330>ZI-0

















































Z3 II A »0
...-l-A I LUZ
LUCDLULUCDQA
> OCLU I O I
—>—> ac ii Zco







— cd ii i a ii <O e0c0Z»-«O«»3
O-J A OKO









































































••u. «x» Zac »«••OQQCWHM QZ




































































m >* *—K * *
»
Z •





o CC u o
•»i-4 h- LU 00
o— 00 a. Z
lu ac to ac
-i< ac z •• acJi LU 3 ~ LU
oo h- H •
<x~ O A m a
1- < •— «•« >• *-
Zoo OC «-» <-»
oz < i-4 z • o •• ••
OOC X • ac 1 o o o3 o «J 3 «» 00 o
-»t- a h- z z
O.LU < a LU z~ LU ac z
•> •» Ii » ac 0C~ X ac LU •-QQ LU z o 3-' 1- LU !-•
LULU *-z a •» cc: z »-- I- +XX oo> CC JL < mi LU LU 1 * a LU
1 II 1 .»_j00 LL f-4 a ~ X 0C-J w i- • LU
LLU-a: •» w «««^ • »- O • «-cc
1LULU LU ac cc zu II o • o
ZZH-QQ z < H- « » LU » r o II LU
•-«»-';zauu < X oo t* * IK «» —a •«
CD CD >-»zx z u CC z—« h- • -4 z ~* ••• ex
iD»-«-» 3 0C»-« II a » LU «O.LU ii
OJ iQ.OOUL LU o OO 3 •»(_> z- ac -J X -JZO i-
LU_I -J o *» I--J LU—
<
o K a luo ••••X
OCLUH—
Z
c • » » a LUOU. X- O u ai-z O.OLU .-












•™ 11 ill rsS III I &K
lulu «o
LU A. H LUCXI U-J "
<— X «^** z^ LUaCLUI • oo *C< Z II >lu_j<oc a.^4i-4 aczoo
c\j<\i<\j H aeu. 3 + x<xh- • LL.CC Zl_> LULU 00Z 11 UOLU II f +-LUOLUOO
a. < *--J kOK II «-o _J—..»..»— LU II <_J'— LUI—LU>_ll-LU>-<Q~ K xz O *-* m r f> ••coac<-<*-4 ac LUZLU0CO<Q
Z •>!- lUU
LUO<OA
<Q UJ o«- LUO _J (£.-<—u <-•* OQH+ >f LUO JUU • 1 o
LU » O OQ -ill OH- H • z nZoo_j>H-Lu.».»<aLuooaoz ii iiaai-H
X-« LU .»»i-J UOOXIU. z>- •*>LucDOLu<oaazz_jcQZ-ji->-*-izto
«•*«* a ac t-_ixo ii cdlu r •-« 0CO0 OLU 30-10 • tl II «LU •3LU_J00LUO -JLU<O
i- 3 oxo<'•+-DJU 3 II _J_JtO || II OQ.Qha.HQ.^h<JJO<l IO
-J -J QUO Q o0 t-O >XJ _J>_JZ<00Z z
uo LU LUO M O ZlL II U.LL. LUZ LU«O.OLU_JLULU<LUU.LUU.QQ z OQhQ LUmUmm ac lu JZUhUJO-X -J-•-•»-•-•
*-« o
>- ac ••























ec 1- o • •> ••O u o o
OJ • a oQ MM z •»
• * 1-M z Z-J
GL II LU LULU
X r o X X>
UJ «» z 1- l-LU
•*H- • »• 1-4 I—
•
-JOA o *> z.« —1 -I •O I a -J Z-m UJ Lua
UJ o — •—l^- •• > >x
zo z OQ or—
»
LU«» LULU
ujO UJ wUI lu »m -10. -!- t*
xz X QLU co»Hr- •X •• • 1 a
»-»- K OCO » •> Q-LU t-4 a. -j X
oo <o otQO Xh- II XLU UJ
• -1 • OQC oacoc LUO0 UJ LU> 1-
-II MM wft. ac<< K_J UJ h-LU 00
• LU * QC aoo A * a: A_J -J
II UJ II l-O UJ— 1 LU O 1 • »
->ac • •> —
»
001- cc.cc to l-Q LU h-a.«»uj • » to
-<0 a. -4 CD x>-»- _l ooo o OOXU-O LU LU
UJ ii » r>o <00o0 -J ••<Z • <UJU_0 LU XJO K _J too *-CO(fi 3 •• »» •_j>-.«.«a -!»-- z Q£ <
a • .«.«x o ZD3 Z UJ LU •JAOOOil-X VAQh o«*z
UQ. Q-OUJ •« u • »u_Z >-oOoo II UJ X —I_J_)1— 00 LU -J
1
oo LULU
*X ZIIZZ •> LU"—"UJ •• oo ii ii K ec < r>uj a<»- LUKO-J QQ>-
QUI LULU «0 a a x< • —» X o»» z Z>UJH -J
A
>«/)»- • Oco
act— •*»— u-io.'— tfi»«OZHI II»-ICM LU LULU II LUKLU II 1 LU< UJ a.z •
<A»-" OCXoO <«-t^2:UJ X UJ—
—
Z'»OQ >-•• r j<oaa. ~J_I*- UJ x aO 1 + luoujoo u 1 + I-IOO ZUJLU •a »o (OH-a iUOIZ • II M a: LULUX
—UJ_JH-UJH'< «->-JoO»- II o hZZ •••• a.<o.z •X—O.OZLUUJ 0lU.« U.'» >-l-UJ
CtQO<fQA o:ujO_) > _J»-"-tU XUJX xCLLU X_»-l-h. xu. Q II <»-hOuO • 1 O hJU r-«LUO CL*J-JO-J lux lulu a:X zlu lu _j»/>oooo iu»-ia Z DUll
oOZ II OQ.HH oo II II LU II —1»- • • «X3«>«+T II H-Kh-LU •JH<JJJ.»hQC LU ••ZOLU
COI-_J_lXoO C0>—lLU> a£aCO£00ZZAl- II <0.h0. <*< a Q3JQ
3ooo_juj<o DUJOaruJU-O luluuj ii ec i </>QO ii II xxu. ZU- ZO-JO
••oo_Jo<H--JO »)/)JUU.JmID •*U.U,U.JH3h<ZOKUJUJ3M LU— UICO<ZQ o (3U.U.U.JOh^J3-iOQk






























































wLULU •• • •>
•• hhQ -*


































































o r-t — o
>^ ••< —ora: LU
* OLU CSC < LU
LU < *X o
XLL x~o X
»- «o o.-« LU ••





LU —h- z— * fc-4 m
X CD< 1—«cD-» o II
h- Z in < -»
i n i »Ow Q. •• -J
Z Q — LUCJC <• »
o -Of • x< OLU _l
~o —X h- o
LU • O - U.O CfcLU o
LU MO M> LU_l •
ac « ••h-—>«T> ILCL o
»- *—LU LU«-«>-iX ••U.X LL.hi >Z -^ ooo z
LU •-•>- mmQ * OCOO •• «—
<
X z CO Oi~
<
* LU w
h- i—iLU £*-*OfO ziilu X oc
h- DhOh LULU CO < h-
> -.< o*-»o—'••xz z co
< -»_J LUOi>-0C'-*»~'-»K • CO •»
-J «~o QC< »< +
xoxa
-JO LU Dh
Cl oca OO.Z o CO |
CO <-i •UQCUZlfl • •• o «-_j
•-* x< a o oaocvz z O
o UU -'COOXOOLU<Q£: A LUO000<ZZU-X3 1 •>•_! It
O OO o_jxz it ou.- h- OO-J
>- fl.h ac a.—oooo—lu ll»«XO
a. zzco—a: ••O II 2U
LU • •.JLU ••-i_ua 1 1=)U 1Z ooz cooooOu. zzoo
•—
«
OQ« QQQOZ r* UUmUO
H- ac h OC
D 0. 3 o




















«» X o a.
<\J < 3 »
X z cc M
u Q t- »-
•l » cO Z
»sl KJ ae
•• H- K o a.
«» Z Z z o
l-l Of a: t-4 o
a. a > »
-•• t« u o ••-J Kl
>-~ o o Of* X
UJ~ » •> qui N*
-J»-4 rsl •» *j o -J
-> X o X zz >
x> •—
•
CO ** LU3 X
>-LU _J * -J X •>
Q-l > -» > H-C0 NJhX X •• o X LU a
:*< • o «* > OK'» CO i*
~X NJ CO 1 M f\l<- o o
>*— a. * o a. Hoai o o t*
t» .^^ CO o z CO AmO o •••• » o
«» !< — «—» o z o o —o< ooo» z o
-J «» I* o •• o o o HZO. Z«tUfU- LU z
o —LULU u • » » o«*o z •> »-.co II 1 + z X II
u >_l_! o o • •«i oaz w * > -OOCC I- _.
•> LU-* z ir\ h- o ZO 1 1 •• K UJ + Z Zacaero. •» z
-4
-JCOO II ••> »»z u. II o ooo z «J LU •ooo CO o •
•> «-UJ0^ «k -»QOtf z —ZO* 0>>0 ct *»• LU islOOO 3 A •• M
o»- ooxo z 4-qc-x:q. l-« zinc** oxnj a ••••>(/) || qc *-<->u» _J LUO h-
U.O \Xl>-<t • •ooo «— •Xroo mm o OOLULUO zx>w a LUQ. Z
zu. XI ISJ rnOOO — inIH- II II ii ii o aCacXZoo QC II II 0> • 0£"
—
cc
•~«Z "**"~ - ZOO* * »- uu ••oo • OOmh o.ooa»*— •• O— a.
»**H *-<0 1 z ovx- ZO>DO>D »» OOKJO OD>OOQI- LUQ o
Q£
—
II 0>>0 ad w || || 0" ••" a: -J • •Q • • 0^ • •> oo—ai- O • •COLUaCLU act oh_„«oo^ a. ••ocuoo^^— 0. II Klisl •Misl a** x>o • *-»siM-jx<a: •< m>
coOt-O^O uc OVh-*-LU»->- o»o II ii -ia:UJ..oi-Kiuu tuo«•o
CDQC-f UJ«-<t OZtO • •COLUCNJ OOZZcOZZ coui« •>——> || UJ3»-«LUZZ HO O II —tujDO-IH II <—o cd i*j ivi ~-iix • •<«*Z ec oc _i ac on OlHOOAltQ II O.QC0C-I-JQK OO ii a.bOOOI^QO ••OODhHZOUmuOaO.LiJQ.Q. xo + Hh>yL» ocoa.o._j_ia: zacooo
ii ii -jooacct:<\jLuzcozz II hujOou i-)U O—UJD—ozoo«<o A<OZ
••OO II UJOO II 0- 11 ii aea:.J_ix ii a.Zoo ,*O O. -_l _)t- CO CO _J CD—ZDOOUOUO - 1 OZOQU.a:>rOOOi/'if>NQ.Q.Jj<Ol'l O 0_J_) II << oar





ISi • » a:
t- * < •• UJ ••Z UJ - z t-












s: UJ»-»< to O'" —
•* UJ (•i— O OK «
_» -J -ill) fit UJ w
>- ujoo O ZO X
X >• • »> ZO O UJ .•
» UJ ••<< O •» XOUJ z
NJ UJ • 00 I > h-l-UJ <
0. 00 O wCO 1- UJ CC CC
-1 OOO «CD LU • »z UJ •*
O K UJ LUUJ z II (MOW •
o < o<'•—OX • »1—
«
> II OUJUJ
»••• O •uuooi— >- UJCO •« UJ.-AZ «UJO
oo- 1—
*
UJUJOZ CO > z _l-<—.UJUJOO
*t\r\*~ O oo<aiu «Q X4"^XOOZ
1 +z Z OOO 1 UJ OOUJ <— H-OUJAQQCC •—
«
zu_» 11 ao UJ ox h- r>> zo
1
oCQiQ. AQO-O ••>•• to o<~ UJ UJUJOA »ULOOO W
Ai
• Ol/I UJ OO o uu. ZJJV 1 UJwOOO • u<oo OO UJ UJwm.UJU.0-J
uu» II 1 000: • 00 o— z XXXUJ l Ouj
x>-«- UJ HO OUJ OO >• UL UJ i-h-i-o II z>
II 11 o*»»z UJZZOO 00 00 z «» •••x OOOujAuj
uoffi x:w« UJAUJUO x> O 1—
t
u.eCtHi- >mmUJUI 1 -J
o>o^o-»*- O I X IZ II II O **UJ + UJXZOOU. 1
• •OOUJQ.UJ OOhHA ••—•«— - UJH-00 JII-»Olt-






7Z?L LUO •H- II II O—*- 1 1 QOOO + lLUliO •»- tH
oo_j_jlli- UJ •-»—J«-«KcOCO >••>- LiiaZZ>AJAZUJ -J 1 ••
0.0—I-JU- O-H -J 1l« UJZUJ - II OUI>->AQHJ >zoo<oo O llUL<LLOt-t- _iaco Ou.OO_|UJXuj 1 a IK UJOOOOOCOO .•Z"-«<-"0»-*l— X>- 1 • 110 UJ :ZZ II -Jf-_JU.Z'-'O««-l0QA o>i-o z o»_io > A 11 1-Z 1 O ZUJUJZ MM •tuOu.aiu.Miiu. | z>uj
LUOQ lu_jOuj H- -IQZwJmJm.,-tU.O UJUJO
o UJ -J
tt > M

































































































































zqc ooooohhoo^ ohOOhOO oo
ooooo- oo















oo »»o «o «t/>
o* acisim kio
0C—<KO ••-»- • •
o» OZ-tOJ« — —O——OC II II O»0> »»0> »»'0*»»
|O>-O>Dt00>O(>O0>OX >
t«0«*f- •• ••• KiOO • *O00UJ00UJo0UJO —
I
OIIOUJ O O—LU<Z—islNI—-^X-JX-3XX«»a.
••H>llO»»ll || • OOOiOKHUXUIOSOWZ^
••OIUJO Ooo#*>Oll it JujZZoj QCO
> ii hJZ-i ii ujozojq it o. a: aca _i_j_j_i_j_j_oQC>OXO«J>X II OQC_JC3£Oo00lCL00_JJ «j_j-J_i_i>-aHLUH<0<ujMOO<«OZuUZ««<«aJZZjUZUJHHZUUUZDOODOUUUUOUttUJ
UJ
<0 >0«0
-O -O >J" "»>0
U.H< H-H-H-K»-<»-h-
Q.—'-J hi '» " I' iI>hm

























































r- o x «
— ft o —
•
— o z —
»
••
<\j ft V x aw o LU o z
*» t-< * z *v LU
*- o «•» > * *
ft o u LU U.
z • LU * z ft.
•—
• w a • •—
»- 00 < oo
«» »«* Z LU >- o
•4- »z 3 a: O0 H-
fw^*-, <
«—4- Li. z X O ••
ocr— M h- o o O
<-»<\j h- ac o
locro z < u. z
o<«-- ••LU w LU zIh - X ••O LU ••X LU •»
-»o«- H - LU LU o»~ X o
(M CO • 0. at cc 1- Z
«M« II CO • oo h- <co LU
*tfo LU* II z o» -J *
Zcgac ZHi»ui3 >- |o ••-J U.
-J~h- •-• oz- < a- ~o.*o.
CO_jO«»-J li ZmO -J <ll OOZflL
oai-ujj< a. LUt- oo II II O
r\i<Mf\jil tM^ : »k 00 flCM.«<H!-t-
LU£*CQU.a£ ft co»~aoo
oluzclluo Q JQO OOO
OU-i-» U.H- -JctO-JQCQCO
IIL U- O < QC-J
aOIL DO z OU. II <u.




























»•><«(• » hWJ *
KIDOHlJwO. U.O »Z» • •Z«/>»»CL.
Oat N II II 0C»-"OO
QCUJt-KI-UJ N O

















LU ••Z II •• • LU ••>
LU • »• LULU O X o
at h- XZ Z • >- z
H- oc« hM«*UJ II LU
U II JX^ LU -1 *V |LU« 0.OU. z .._) LL
< qz »ia. ft ~O«*0.
-J <•-<• (£00 _J oozo.
a LU_J II LU O Q. O0 II HO
00 ac •Ou.-JI- • »<l-l-l-M OCCCU.mi QCKO.OO













•• >s O +4
* » ••o
a. m cc u.
O lu #• «~ o
Z .- lu i— . h- ••
ii ti o ac cc ii O Q lu
....•^.•o •• z (_ oUJO«» Z AC
COCOaC_Ja:««>- LU |Z0CC0...-LU 3
... . <_j»-h-_j * O Ow K K*i^ H-hr*Oi:DO«Q. U, LU <jOOhOU. o
o- »z • zco.»a. > LU •-• ZIQ. 3
on n ac ii oc-iQo < ccoc^n n i-ico a:
QCH-t-LUh-LU HO J LU II l- O h-
'llwwiLZHJjOK O. _JU,Oi-"-J-l>- CO
O>-CDa0LLLUU-_»_lZ CO _IU>ZCDJ-JZO>QDQD«KO «- OK><<0 >


























•• * ••> < «» • »Q Q Kl o
Z LU Z cc CD a
LU _l LU o o
*! o * LU < ••> z
u. CO LL o 2* LU
a z EL LU •» r-t X
o LU inI i-














z z LU CO *»» II O
LU h- LU a a X -»LU
X •• Z X V < K ZQ
- • LU »- i_.»a o • •
O • m • 1—
1
KJLU
_l m •• —
i
_l II z~ X hO
-J II a -J LUOO V zo
^ •»•» ••^J • • ••z o z> Z_0s ..>s. acz
z>-cdcqo:_i ••>-LU h- z •~'t--a*>0 Q.A
II z- • <_jt-_j*: II ••«J»-<00Oe> U 1
>-LU—
•
OXD -.QlLL LU »-»-*Ct.C0~3LUO OK
zo- - •zzooa ec Zl •OjI«t —
z
UiM || ii ac ii mQ 3 LUUJCtQ. O « •OLUQ II KKLUf- O K QQLU _j II ^LUQ
**>-•**•"•U-Z-i-JK O •""OU.QJJH II Q.i-1
OCDCDU_LU_J_
1
13 xu.. <_ICOOCOU.Q>QOC«0 at u-a.3—o<—ozll
•—QUSi **CQ«-iDUO K —«_JCQ—•••UQZDh
It C0 • t CO
<# a IT\ ow a «a> a















KJ KJ -* •
1- «• H- u. -
z «•» Z M o
ac —
«
rg ac 1- 1-
CL -» N. O- z II
o i-H - a LU ac
••o M oo o Q i-
(M * I •—< •> ** 0.SN o O is) •
—X z i r • -»»
-»h-« < «• »»>• z o
r^-J ac «-• ••> _J o z
> CO -. ••> t* •—
t
-
>x • —— .*»-x a K- «# ac
LU » LU —l_»,-4G0 » z < ac «»»
-JfNj Q 4- + +*-isi LU ac ac OO
xa. O ••o>Luoa * LU LU H
<C0 Z acZLULU*eo LL a. 00 O
xo A ac-J«Jac-*o 0. o >- o
«~o 1 LU-*XO-*0 >. OO •» ac
>s •» H- 00KLU | » * o mi ac •
o- Z >-i-i:q— 1- < »m O oc LU
<M- LU OOO— •-»- LU •»o "» - UJ >OZ a •—<vUJ+ Z ac OOLU H ••00 — <
>*-aC i— OJ«oo ac 3 OO-J Z o—>- •**— OO
.-a •^ u-—o^oko. - _J LU Ot-OOO » •»
.« | o •k NOZ0CO a ZZh o z oac z •
0.0-0 K«»0—>l-At-0 3 LULU* M ZLUO X LU
-J-J- •• O- OO—' I 00- ac Till •• M •LUOI-ZI- X -X>— ••O OH Z | hX<- K HI-UI O --»Im LULU K II O
It II (T'o>Z acozacaz ii (?>•• OO z z Ohh »OI« • •i£ •» ••Z
••UUO1^.IUi —•oujso_jluoo>*: •• -J I— «-» tf»LU V-Q QCOKLU OaDcc-J-»>-uj
o.3>e>oo-:*: Oacx* >-QDao ..o X -JZ_j3t^ —HJI h-.»l| • <_Jt-_JSti
_J • aOOLUOOLU z~'K>0 II "- •OOLU >-z o DLuo.au. ac--jHZt-iuh roi3«au.
XKihsi-^xoa H• 0*0 »sJ"9X -JLU ac ZQ •XO. LUK3u.LUO.JOO* •ZZoOO.
IU-K3SO-J QUJOOOhXO a* LL ii ixacoo XLUZ—-XH-LU»-Z II ac II »-»aKZZ O •••Zoo || »* »t-z 00u. K 11 LU o -O0 || oCh- II O II »->-LUH- O
ocacacj_j_i»- 0«-"LUO«-INl 0C—J.J oo. >- ZhU.Jh <luoclu ac M H-ad-tLuZ _j«j»-
1-O.Q.JJJ •• II U.o£Z II »— <—»Q 1_» mi z UJQU.J LLOCXcOOXl-O CDLLLU.J-J(/)OO<«0 OoO II aci-z iio« o LU DOD<0 II I-X II hqoilqdq«oXOOUUOO" H LUO-JCOaCoC-*ooo<••-JH Q »-«QCa3oO'••ac _i lu Oi-»u.h- ac —•»-•ooi-iooo
o>izj ho. o-j —
«
OIJ z






















•••• »- •• XQ—.. #• qc QC K
Z^O— OC '- OC LL
UiwCO QC CO LU *-
S^O— LU (- 00 LU
U-<C3 CO a > t~Q.h< >- O CO LU
t».J (— CO •» QC ••—<O QCLU OO QC • O OCLU
•• - QCQ KHO •* O QC LU •• - QCO
— LU|I K —' L- LU •• > — LUII
QC O ••CO—' OO K •»</) -» < OC O ••CO—
x o-»>--> OOO Z o-»>>»— CO x o— >-->K QCcOw V. O LU Oh-COO * •• *- OCOO—
•
a. zx x * zz a z 00c z - ul zx x
•• LUt-OU LULUZ «-• ZLUO X LU * LUKOO
-••XLUH-Z •• LU XXLU •• ••LUOKZH- X • •• h-«»XLL»-Z ••Q—>h- » < • > K»-X • -— X<-i LULL »- II — Q—H- * < •
h-K aCOac < -•• Q»-h- KDI- ••* ••» h-h- ocOoC
—O-»XOC0 - •• CO -JH H» hQ QCOH-LU O CO QC ••>-<-' *»0_JXOCQ >
0Ch-_Jt- • II O -jZh-GC II -hJI H».».|| • O--IO QCh-_lN- • II
LU*»3LLZLU.»^»» ••Z Q 3LUZOLU«»QC—JHZt-LUh T OZ«a< LU—OU.ZLU ••* ••
XH-ZOLUQCDQC-J'-VLU Z ZOLU |ZOLU*-OlLLUO-JOO» »Zc0h- XH-ZOLUOOOOC>
»-LU II^XO- <JLJ^ < i|h-«oo*-qcXluz«-xi-lukz II ac«-o KUJll-IO»<J
<c0aCQCKZOXX) >-«CLLL I- II ^-«<-J<h-C0 || QCK II O II L-KLU O <cOQCoC»-ZOXa
••LLLUXLU A» •ZZCOQ. H- ZK II LU •U<LUQCLU QC II >- QC n- LL -J _l H- U.LUXLU A» »C0
OII0CI-CCOI II tX II —«Q Z LUOh-QCQC II LLQCXCOOXl-O 0OLL_J-J II dCH-COO I II QCO
ZOC LLXIIQCKLUK O LU OOO LUO M h-X II KOOLLOO<<0 QC U.X II QC»-LU
LUX-JOD"">X'-«LLZ_i-J»- O »-QCh--»U.QCQC-JLL0<—LL»-QC<-«»-ia3UO0»*X_jO3-^X'-'LL-J
*--l Z H-O0LLLU-J.J — -JLL<X-J Z QKJ Z J-COLL-J
LL<U. || U-LLODO<<0 U.U.U.OOK4U. II LLIL ZLL<LL II LLLLOD<

















o 00 00 o 02
z H K o LU
LU •• z o CC CO
*0 o • X —
U.QC O CC LU Olu
o-< - • > zx
o LU •*< LU<
000 o > Xoo >z
»- II o < DA < • **Q X. O0 Z | 00— *
Otf * z«> A • h- M
o< LUO 1 UJcX Zw <
o < X II K- >z »-«oo LU
z LU h-O CC <ll K CC
LUZ •• QC z z 00— LUO <
XLU •* —
»
< XI- • • II A*-* LUO LUHX h- •••«+— LU «> Oai o «» 1 1 a: a: >
»- CC • - z > ••• z ••Q -5 l--> i- • • » <
-J o«» LU < K •z r-k •• •••** 0£~ • LU LU 00
-J CO to • • Q ft* 00 tt> LULU 1 ZC0 LUr-4O0 ZOO II > >•3- Q- II II !"« Q Oil >x Xlu* • •> > 1 H h- LU< <o X
zo <o .•i^LU—
•
••z X to <l- OXOH- <mQ oo ZOO ooz a
M - LU* coocZh- •••• _)LU o QZ'>»O0 ZH* •-• 00 o HO «-iA<'•ALU oc
II CC II - <«OJHj^ a: <«OAO • II z Do: CC JIXI^ u.
>s >->-•• K HIJOO-O ti- U- UJJZmZ LUOt-i-i LU h- • —* • a»-Oi-u.
* Z<-tO-J»-' • • •QCXZZQ- a: • »--•»•> || •-* H- LU + LU •ocxaco. LU
ujaQQjcQ ii oca: |oo*-i ll LU 0C tuo o£H< Q. CO _l <-*> •-<> qczooz LU
»- OO <o t-LULUO »-o LU _JLU> II II Q-lflOMJ OIK II < LU— o CC
z mmUIQmi..MlLlU-JJZh at -JU.<t-«-« II II !->-< >»0~5oo •••noo .-LL IUJI— \-
LU 00 QcDU_U_0O_l_JLU »- <ULO0 J-Q. UOJ O OU. -JLU
a U.U.-J ZNDD||«00 UDIIU.U.QCOU. ZJO ZO Z3 <(XQ >
•—
«
—.—«LU LUH-COCOmOU 1-4O LU „C0—'—-•ZI->— LU<0 LUO LUC0 UU.O <




> CO -J ft 00




















•• (J« K 3
• z— a
< » *-0 X UJ
Ui * DQ K ac
QC eg Z< •M
< II •—u. X X
UI t»-9 H-3 a
> •> ZcO K N4














a >r • u. » •h H-
z <o «-. UJh- •> *
z> ooz >-» eoz Q •> u.
o • v 3 —
z
UJ Q.
a. UJ GO coo CD"—
•
o
!• > K —'O •» •» o >
o»- V. < O •M f-4 •> z z
oo * 00 o *£CQ OCD .*<
z • •» II QC U.U ou <-
z QC < -5 • Q.O OQ LUO ••
tutu K- UJ UJ » o * >-zz.
ILU Q. DC Z > 00« o. U.O'-'UJ
l-OC • < UJ < oo uj o_j mQWO
K- — UJ X 00 UJI- OoC >«. h- 00O
X- i—
•
> K •_• ec~> o»- ZUJUJZ
•• X> II •• «•» •» < — Q.QC oz UJ CD QC
•»•» zuj a GO • GO ^ • ••> X ou O0 Q ao
1- •z z >- t» <M sf o oo z M^ UJ
QC» UJ**t*LU O _J •> • •» Z • II CsJ •» o« • «• o oouji—U II >-j:x* o _J II Q —
•
II v«»* * * w O— Q •—
4
03QCU.
KU <QlQH QC 3 .•i^ •»Z QI-i O- C> <»0(J> •« •• z 1- i-ro«QZ •»oo •Id • ZcOqC •»>UJ 00 O — 1- 0>*O0^c0UJ o U-l-
<>-!(DAQCOO LU •» II • <t-_j*: UJ UJZO*-" > o>ooo»o» * o O0UJZ
ujjz'-'UJ O >h- h-OI'nan UJ X •>- II r-t II OOUJOOOLU^U. QC «CDUJ» •
0C • J—U li- <o««>z • •.ZoOO. ac •UJ *• -» - -JXO-JX- Cv - X
0CUJOLL_» I/)Om UJ II QC'-•Q H o0>~«»-* ->»-• II JlU* XU II 00 • (-- •-•- •






K-<ll" II *- -» II >-0
. „ \r\ i 1 1« i 1 1— i—
z
>_4
II- II II II
CDLL_l_i z o QfM-J-J|-_l-JC0 1 -<\»—ro-4-
U3IIUL ZQOh 00<<0 »-»u-c 1 zo z««h«zo >- mm w w»»»
.•££;>—•—> ajaC^-QL -IDUOO ac • • i—«c i ujo UJJUOJUUho < -J -J -J_i
««» UJ •»» -I M
•H ft ao <o a. •»»
»-» < X. •H oO r*-
•<» go 3 a* 1—4 •H
o 1—
<
Z o a •M
< z < o





00 •••• oo V.
•-Z • • ••> LU o o
- o ..LULU • LU z Z • •>
zo oCQ LU cL < -* •
—
I
OO > ••4- 00 o
00h- LUh-Z < ••• > OO z
>-< QCU 00 • <LL < LU N-4
00 OQ <LUO -J C* oQ LUrjTLU O IJJCt a. 0l z
s:uj >»-•-• Z QC<00 OO M
OOl <OOLL •»< <LULU —• •• cl L-
CO- OO •>*• LU>X Q • LU z ••>
LLI- LUh- LULU ••><<ZQZQQ" <oOZ to X- z < h-LL o ~O Q
UJUJ •-•OujoOluoo ooo a: < O
••LULU zqzzq xo Z«-t o LU»»<
. cCCC LU •-. QlOZ Oh- o OO OO LL
Zf-h luq oozoa:< -«o 0C z CoOO
o CtLUOUULU QCLL. i-o a. o LLZC0
—>->- —_ K- i_4—O LL OO UOL *** LUC • «
1—
«
LL LLILLU OJQT OK z h- CQhhoO •»
<r_i_i O^-fLU 1—"—• •—'LULULU OCOO "-< o h-H 00
QCQ.O. luh- a:- h- u_ lu cl co K-Z < O aoo</> 1—
LU0OO0 yzszz-Hii-r O0»-» X a: rMOZ *•<
Q.» ii 1 < LU 1— LU lu V- h- O z K QC»-t -1OOQ JQOOOZ <Z
CL^-Of-n-*LU<
i— LU O 00
z LUOOh-
»
QO 00 CL O >>- ><••> •—
•
X.Z7Z o
zz •->.-LUX *"*UJ<< <z» z <-0 -Z« O<00»-0 »— 1 I -J«-><* QC * o CD^- •^
i Lu<LULua.a. aio LU u. u — • *QQ LUO.O_JI->_JOOOO uoac-it- X Q. •> .-1 •>« >00Q LU LU< LU— <-* — LUCLLU h- 33 OCD >-















*0^ f\J>* ,-|.~»i-l •-•-iLuro * a lu O-J «—
<
LL to NJ »~ oq: o
0. * M ip^ OK
< -J CL OZ z if>
•» •x OO c •
» a: ~* »m o OO «—
1
•»Q < m o- • m h- • •- >«. CD
at LU — > • *^ o~ a o II O # *
< > z LU II (j\ i»oo> ••>•••z o ^«» «z i—l
c1 < •-» •*•• *•••• OC*i£OO^C0UU a: •oqC—J»»0QLU oo •
CO 00 LU • • • • «>oo^u» ^ Y- K-<-l3- * LU II
> QC *£ LUO0LUO CO LU '-I LL 00 —XOOOU- LU h-
a 1 ••••••»• • • • • • m . LL- • - x-jxo-ji- a. z Z «ZX- Q- CL **
• • • *
H ii ii •
> || II II II II II II —-II II— II II II II CL II II II «XU- 3!L> II
r^
w





-—.—.o r-KNJ ro >t ino f»C0 00-^(M— TOsJ-Ln(—_J_Jo^_i_J—«l— LU LU 1h-







Jt-j-J-j _J^I-J_l_J_l_J_i_J -J—1 —t—»—( —t J-JJ-UU-IUU-o




CL ao QC f*








MM MM ZZOS mm















om i <'— •• r*
• •» <M Z t» f* H
• »-«- MM M —
.
M
z t»0 tie Q ^ MM
MM
-~<t OLU O MM ex. ••
< rO»- tni- < t-i •• _l—
o —(«• -iZ LU tM <o Xh-
< mm mm *•- O >— LU •• MMr-i
o>t »o CO «v LU-» MM—
»
o *
> <<\l •N» -a. M * -J mm: LU—• tu—
.
ct H-— * nO M X + 1 mH a. a.
- ••o r—
»
QC z <-* -M> tO_j
-.< «-a 1- LU xa -•> z>
1 OOh- z H- * t/> a. "~Z ••> f LU Ow
rg.« LU MMQC • •M«M^_J Ml —'_J «o
cc v— Q. zx •> K MM^^ o ox QCLU
o OfO —K CO X LOtO^X z z< l-Q.
C* <f\J t- •• LU o o DO«h ad _)X L0 to
QC h-*- X Z^O— o •—
1
o.a.>»a M •» MM MM coz
LU ••O o MM^l •» -1 x>— •- o o IV oo
—< 1—1 o* * • »OI z a I——
1
CO MM
X CT»»- -J LU »_J _J •> > «m«- _j •• oo —CC
LU —» •• CD—-LU CC mm CO LULU^V. M Z- mZ »mC0K
h- o— CC <OCQ 1- t»LU CCQC-X.4- (~ .mLU 3B-J- • L0
CO <C\I o —o*< z - O a « *: o-^x» — # V-<c0
> l-fvj u. aoj»o a LU zzo.— OKI- II v>o oo
to • • w _J>t zo - x X H-H-—1** C£0 ^ •* Q —iOA- CO
»• —
o
CC W«~M« 1(0, o *-»->—* m-O-JqC '"CO »*z oo. II IIO II t>< LU ZK- <-»cQmm UJ_J
s
«M^ LUC3C-J<Xm klu Z-t II —Im-I •
Zlu f\J>- tM -J Ommm Cr ••,2— — 1 K H»3rOOHQ. »• QC-^UO o
LUZ* •"—- •• •• Q —ZOQ^iimZ t- UL»* <hZ «Xm Z-J CO ••# *-o:oo«mz
^«JO Z K—"—ujo»o-juj LULULU + otu ii a£i/> ii mm • i-«o i <_j «j:xlu
LL_jO<«-lO < •-« ZXLOLUQ.O, LU Q.O.-JQ. tMOLOKLU 1— O rH mm0^sOXX>-00.
CLQ.X»-(\JfO X Q>tLU«--->x • -J a COCOX-J O-JLUZLU-J—• tt— • zoa> <> • »X—
I
• 1/) "mm,.. z^au.jua. o zzoc. • II II QClULU-JcTI-J II MM^-OQCctCttO
OQC -oo Z o—_j LUO z 3DX»»OW|- OD<0<0 1- _4-tULULU Q
h-OJ_JfO<<«» o O -«JJltK II II II II 1 1 LUZ _J mm COOmmOO »MMM -1 II II LULULU-lt-
LU_I"~1-1-0 MM _i_j->-j_ju. > clo.oo>xlu.j I3-n_la.CLLLLULL_JCU.<0" «z »- zoo <oo LU JJZZUJmO<U. Z0<JJD33<0
°g fcJ<—'— LU Z OQQ UUCDO >—
i
x>-Jct:_j>—wum lummOX>C0C0C0oO
»-OC\J LU H • •
• 1 .i rg—i K z —
•
CC Qmm^, K LU o
cC ZOO < a MM
LU UJ<< mm Z
to *!-- * LU
> u. v. * 0.

















•• < H- -J
•» * UJ o •»*^




»* < 00 c_ *z
»-<





O c_ •» o a •UJ
o 1- oQ z_3 z- h-Ozo
z 1 a cc ujz
UJ Z U, *-» OA
—X cc UJ • • O0 <— 1
UJI- •» o X o»- H- — cc
UJ a a: h- QO o ox
••__- o cc z •» o Oh-
—
.Ooo h- UJ z QC «•> a_ <u.
oOLUi-i w» •• UJUJ h- <* • •-II IIOQQ •»o ••» X • O xui Q. HI UJ -»—l_
a •# -HK— LU II o >-__•• • » > I--JO
xuj— •f K • •H- K-- « ••K < Zw
"V •Oh UJOZ OoO -H z X- Z oo 00 IJJXQ-
# .•<o 1 ujOuj O •> UJ 3 11- w oo oo
MIUZm CC o oo •• -J X • ZUJH • • oo 0- z -.zzK ••V.QCA— OZh Z« Q o h- o •ZUJ o h- z » UJ •»<UJZ UJUJ •>••UJ || Z a z UI»-iZ«»Z O UJl— X o_c_x
UJ - • WZKH on XUJ UJ » -J UJ >_)—'JtLU o xz H- XC0I-
a •• m ~*t-ZCC •»-OKhZ'»- Q.__J Cw <ajoa a. KUJ h- •
—1 I-- II Oh-UJh- LU h-Q 1 »-t>-_J ••a_»-*3 i'*_J •»••</) • «X-J • O o«»u_ujc_
o_ ii iiui-kooo 0»-.-|--J_j-J _-<COZO. OQA0_C_00 UJ H»>— .. || 0*-0 II
o 0-£UJZH-«-»-«X OQ_- -JQ.Q.O ZJol II ii a ozzujuj a > Q*-H- rOQCOH-
t- |a_Z'-»a_<_j v ZHUJI—3 •OOK -J—<|-H-l-- h-u-u i I'- < h-OOO UJZZ
O<i-i_jh-ujO0. A II lUJZQCO CD0-C-OO UJUJOU.U.-J oo II OH-ZUJCOAUJ
U-l <SZ-JO.oOQ.h-_l 1 KH-OO II UJ O OH- ooo oo>ll DD<0 il l-< II KooX 1 O
c_ LU • • «X00 X H-Z<UJa_U.-J<_> ••ZoO—lc_Q-(_> ••_j<zajcDoo • •H- Z II I-qC-JDO-—
Z> QLccocoL ii Zr-i _ru_u_c_XU--j H-UJCC-J QUJO0 |-O LUH-O UJZX
H UJUJUJH-O II U_ UJO II >-3< O 3<U- ;2 ll u. zo QQOli llh-U.U _ju.UuU.ct: ii t-n-«»»0 -»_c _jU.Q3U ••O-J00O*-" Uj Z«-» UJl i«»-»^_. CC—• ••>~?U-*~I3 _ju.u-u.i- a. 0"-i i-i 1 o_j o o O
CC ODDWJO ziiu_h-<u_ z m <ul z z_ z
H oa_a_ccxxa uj——u_oIM LUQ.UM UJ UJI-4 UJ
00 »•























•• CD CC Ml XLL >»Q U < -» o #












V IM -1 < •-•* QC LU a
* •• ••» < •b z -ILL O h- o
Z —
»





"s. Q CC z 1- • X. ac
LU o * Q < t— < cCco c 00 o
* LU m *: -J » LUCO cc K
CO LU CD a: >- CD LLUJ LL oO O O O X U LLC* h- a ••>
z -» < Q 3 •> o DO. z o a
LU z * « *> •* CD* o O a
< o m • £ • II NM o z
a: u < z a •—
<
cc ZLU h- t» LU "v z
*• O Q a. LU CD -J < LUZ Z z>r X * LU
• LL z a O >- a X-» LU LUQ. h- X
LU CO ••a o X CO hj H- XO •• ••*-
• CC w o LU- • * * 0- -''•4-Z —
K
X. H
II LU z —
•
<H- II 0"~» < ar-
• » •»*£ ••
-J o X ^O* *m& i»cj> ••»oN ••• cC o—»o.«« !*•• OCO CC O
>CDCC_i»«> Q >— a coo>xa>ico»*c:owiiuj ccco-icc> _J0O •».«o o h
_J. <JK« Z t- < (MJIMJOU^U ru. O IIDLJ _)- hXHh o a iiaoiD«o < »—
1
cc t*LUCOLUc0LUCOLUc0LUcCLL ILKZOa D^ hOO'-' a: < r
cO- «ZZ II X a o QCH--?X-DX->X->X»-3 O II •</> • »2«» zxo< 0. LUQQ II QC II —"UJ z K<3UXOJUJ!UWCO O-HKCtOO II II "-1C0*-:* CCCC
KLUH- Q z o LU Q-O X o »o.lu II »-h- >- LU <
••J'-'U.ZJO" Q a rsj II Cj_l_l-J_l-J _j_i_jolu Oh-cOLL-JOZ-' _I_J< 1 h- -»oQ-JCOLLLU-JXO •—
i
>-^ hJJJJJJJJJ CO _jO LLJZLUCO -J -J -J < -JZ<Q3Q<Q.Z K z -J CL-J<<<<<<<<LL_I Oli.3<HD> <<LULL z <LU






•• t- t- < CC
.. Q - «—
i
2 •• LU
:* z < Z LU •• H-
I LU — H- a.








O * UJ I X •-* —O *• OC —
I
• •< ••
». •» u. O * •> uj ••-O Q U CO CD CC —
O
a: a: o > o o < coo
< <»_-. q q z oocO O •» •> •> - O II
— — o o - ••—
QC 0£" O OC" -J _J < • 0L
I— I— < Ct CL - LUCO
«/) l/) Z O K h- • «/>
co.» co lu —
•
z z ac oz
3-« 3 X <* O O < -JUJ
00 I CO h- h- O O O OI
w_j ««• uo • •••-••
O »*-J CO
co.j ii j + u «/> ••o>* ••<>:* o**:o>-ja.<
"t^J •—••—• II II ID 0>O CO0*0^0 s 3cOO.HlO X II A QC >00LU- «/)lUi/>UJ00Z«-'UJ
IIXO*» 35»-«i-i.«h- <"?XO^X"^X"3 II UJ







Tree representation of a sequent.
Result of removing "AND" from the preceding
sequento
66
Node number k is the Identified node The PFK
key for "add" has been pressedo The subtree
to be added is typed at lower left
Result of touching the light pen to the left
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General instruction display.
A tree which was created at the console keyboard.
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Node number 17 Is the identified node,
"add" PFK key has been pressed.
The
After adding the new
the preceding tree.
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